"Seeds" (fruits) of Lactuca sativa L. vars. Arctic King and Grand Rapids were obtained from Suttons Seeds Ltd., Reading, U. K. Batches of these seeds were placed in closed containers with separate vessels of sulfuric acid, water, or diluted sulphuric acid giving relative humidities of 0, 25, 50, 75, and 100% at 20 C in the container atmospheres (9). After 2 weeks, the moisture contents of the seed batches were determined, and the seeds were sealed into separate glass bottles. Other large batches of seeds from the same provenances were imbibed on moist filter papers in Petri dishes. These Petri dishes, together with the bottles of air-dry seeds, were placed in dark incubators maintained continuously at 30 C (Arctic King), and 25 C (Grand Rapids), in order to prevent germination of the imbibed batches of seeds.
cidence of chromosome aberrations. Seedlings grown from dry-stored seeds showed an increase in morphological abnormalities with length of storage, whereas seedlings from imbibed-stored seeds appeared normal. It is suggested that in dry tissues, enzyme-controlled turnover and repair may be temporarily suspended, and that this may be an important factor in the loss of seed viability in storage. The effect of increasing seed longevity by lowering the moisture content of dry-stored seeds is discussed in relation to this hypothesis. The 100% at 20 C in the container atmospheres (9) . After 2 weeks, the moisture contents of the seed batches were determined, and the seeds were sealed into separate glass bottles. Other large batches of seeds from the same provenances were imbibed on moist filter papers in Petri dishes. These Petri dishes, together with the bottles of air-dry seeds, were placed in dark incubators maintained continuously at 30 C (Arctic King), and 25 C (Grand Rapids), in order to prevent germination of the imbibed batches of seeds.
Fruits of Fraxinus americana L. were purchased from Vilmorin-Andrieux of Paris. Samples were brought to a range of moisture contents as described for the lettuce seeds. They were then sealed into bottles, and stored in the dark at 22 C. A large sample of fruits was imbibed by mixing with moist sand and stored at 22 C in the dark in order to prevent germination of the imbibed fruits (unpublished results).
At the times stated in the results, seeds from these treatments were tested for germination under 40-w fluorescent daylight lamps at 22 C. Petri dishes of seeds which had been maintained continuously imbibed were simply brought out from the dark incubators, while samples of seeds from air-dry store were imbibed on moist filter papers in Petri dishes at the beginning of each germination test. Germination was scored as the emergence and geotropic curvature of the radicle.
Chromosomes in 1-mm radicle tips of lettuce were ex-amined by the aceto-carmine squash method (7) after fixation overnight in acetic acid-alcohol, 1:3. Aberrant nuclear divisions were scored as percentages of 400 late anaphase figures observed for each sample of seeds tested from a treatment. This involved the examination of 40 to 50 root-tip squashes in most treatments.
To observe the growth of the seedlings following the various seed storage treatments, batches were allowed to continue growth in the Petri dishes after the germination tests. The samples grown on to maturity were planted in pots after the hypocotyls had become fully extended, and grown in 16-hr-long days until flowering and seed set. Table I shows the moisture contents attained by lettuce and F. americana seeds maintained at a range of atmospheric relative humidities for 2 weeks. The seeds were then stored at these moisture contents, and also in a fully imbibed state in contact with liquid water, as described above. Germination tests carried out at intervals during the storage period showed that as the seed moisture content was increased, the period of viability of the various seed samples became greatly shortened (Figs. 1 and 2).
RESULTS
The very rapid loss of viability of the Arctic King lettuce seeds was most probably due to the high temperature of 30 C maintained throughout the storage period, but which was necessary in order to prevent germination of the fully imbibed seeds. The experiments have been repeated with the lettuce variety Grand Rapids, which remain dormant at 25 C in the dark even though imbibed, and exactly similar results have been obtained. It should also be noted that the experiments using F. americana were maintained continuously at 22 C. Figures 1 and 2 show that seeds of both lettuce and F. americana maintained full viability for an indefinite period of time provided they were maintained in contact with water during storage. When plants were grown from seedlings produced in the germination tests, an increasing number of abnormalities was observed with increase in time of dry storage, including stunted growth, distorted cotyledons with necrotic patches of tissue, subdivided first leaves, swollen roots and necrosis of the radicle meristems. On the other hand, lettuce plants grown from seeds stored for more than 12 months continuously imbibed seemed to be normal in all respects and grew vigorously (Fig. 3) . The plants produced from imbibed-stored seeds flowered and set seeds, which in turn germinated fully (98%) and produced a second generation crop of mature plants of great uniformity and vigor, without any observable mutations.
Chromosome Studies. Lettuce seeds were imbibed under fluorescent lighting and germinating seeds with radicles of increasing length were fixed in acetic alcohol. Using the acetic Arctic King, from large batches of seeds stored air-dry (---) at 30 C with seed moisture contents of 5.1, 7.0, 9.7, and 13.5%, and also fully imbibed (---) in darkness on moist filter papers in Petri dishes. Germination tests were conducted at 22 C under fluorescent lighting.
squash technique, the total number of mitotic figures in radicle meristems was recorded for various stages of germination, from pre-emergence at 20 hr to 10 mm in length at 48 hr. Cell divisions were not seen until the radicles were about 2 mm long, and increased to a maximum at about 3.5 mm (Fig. 4) .
Germinating lettuce seeds with radicles 3 mm long were selected from the germination tests conducted at regular intervals FIG. 3 . Lettuce seedlings grown from germination tests described in Fig. 2 . Both samples had been stored for 12 months at 30 C in the dark Left: seed sample stored fully imbibed on filter paper kept continuously moist: right; seed sample stored continuously air-dry, with a moisture content of 5.4%. Germination occurred on moist filter paper under fluorescent lights at 22 C, and 1-mm radicle tips were excised and examined by the aceto-carmine squash technique. Seeds had been recently purchased in sealed containers from commercial suppliers, and not subjected to any laboratory storage treatment.
on samples of seeds stored air-dry at the range of moisture contents described above, and also from the samples stored imbibed. Using the acetic squash method, the percentage of aberrant nuclear divisions was scored for each seed sample. Figure 5 shows that with an increase in moisture content of seeds in air-dry storage, the percentage of chromosome aberrations increased sharply with increasing time of storage. The types of aberrations seen were mainly chromosome bridges, and deletions represented by duplicated chromosome fragments. In many of the germination tests carried out on seeds stored air-dry under suboptimal conditions, a high percentage of radicle emergence was frequently found, but in many cases few of the seedlings were able to continue growth. Such samples always showed a high percentage of chromosome aberrations. However, germination tests of the seeds stored fully imbibed showed in all cases not only very high germination counts and rapid establishment of vigorously growing plants, but also a very low incidence of chromosome damage.
For the demonstration of recessive mutations, it is necessary to continue the observations to the second generation of plants following an experiment. Seeds harvested from the plants grown from imbibed-storage experiments, as described above, showed less than 1 % chromosome aberrations when germinated within 1 month of harvesting. Most of the samples showed no aberrations whatever, and this was presumed to be because of the more careful handling during harvesting and (Fig. 4) It has usually been stated that seeds in the soil are able to survive because they are dormant (10) , implying that they have a low rate of metabolism. However, dormant seeds are able to carry out many metabolic functions, including food interconversions, membrane synthesis, and organelle production (11) . It has been concluded that seed dormancy is not a state of general inactivity, but must be due to some specific metabolic block (3) . Furthermore (4) . It seems reasonable to expect that such repair and maintenance systems should function as a normal, and indeed essential cellular activity.
However, in view of the fact that the increase in chromosome damage in seeds in dry storage does not occur in imbibedstored seeds, I suggest that in dry tissues turnover and repair activities may be temporarily in abeyance, leading to the accumulation of damage to macromolecules and organelles.
It remains to be explained why seed longevity is progressively increased by lowering the moisture contents of seeds in air-dry store. If cellular maintenance activities are suspended in airdry seeds, any change in the physical conditions of storage which would tend to improve the stability of macromolecules would prolong the viability of the seed as a whole unit, and therefore lowering the seed moisture content in air-dry storage would be expected to increase longevity. Even in a watersaturated atmosphere at 20 C, lettuce seeds do not appear to attain more than about 14% water content, and it is probable that a higher water content would be necessary before macromolecular repair and membrane synthesis could occur at a normal rate.
It is significant that certain seeds which rely on the prevention of water uptake by impermeable coats as a dormancyimposing mechanism possess morphological adaptations such as hilar valves, which ensure that the tissue moisture content becomes progressively lower with fluctuating atmospheric relative humidity, and is eventually maintained at the lowest level possible (6) . Seeds 
